The ordinarily free amino groups of N-terminal residues in polypeptide chains are blocked in some instances by acetyl groups, e.g., in melanocyte-stimulating hormone (a-MSH),I and in the following proteins: horse heart cytochrome c,2 hemoglobin F1,3 egg albumin,4 histones,5 turnip yellow mosaic virus (TYMV),6 and tobacco mosaic virus (TMV) proteins.7
tion with carrier N-acetyl--tyrosine, the product had a specific activity of 1.5 X 106 cpm per ;&mole. More than 90% of the counts coincided with authentic N-acetyl-iLtyrosine when the labeled compound was chromatographed on Whatman No. 1 paper in n-butanol saturated with 0.1 N HCl. A single spot with Rf 0.7 corresponding to the Rf of authentic N-acetyl-L-tyrosine was observed on spraying with 0.44% aqueous potassium ferricyanide followed by alcoholic ferric chloride reagent (5 gm FeCl3, 5 ml concentrated HCl, and 95 ml 95% ethanol). The acetylamino acid was not contaminated by free tyrosine (Rf 0.3 in this system) and no ninhydrin-positive spot was detected. Thin layer chromatography on silica gel G (according to Stahl) in n-butanol: acetic acid: water, 80: 20: 20, gave results confirming the identity of the labeled acetyltyrosine. Hydroxamate formation was assayed by the method of Conway et al."5 The products from the hydroxamate assay were treated according to Hoagland et al.,20 and analyzed by descending chromatography on Whatman No. 1 paper in n-butanol saturated with 0.1 N HCl. The hydroxaniate spots were visualized by spraying with alcoholic FeCl3 reagent. Radioactivity was determined by counting 1 cm lengths of the paper in toluene scintillator before spraying.21
The amino acid-promoted ATP-P32-inorganic pyrophosphate exchange was assayed by the method of Hoagland.22 For radioactivity determinations, 0.1 ml aliquots of aqueous solutions were added to "polyether" solution (containing 750 ml 1,4-dioxane, 125 ml anisole, 125 ml bis (2-methoxyethyl) ether, 4 gm 2,5-diphenyloxazole and 100 mg 1,4-bis-2-(5-phenyloxazolyl)-benzene) and counted in a Packard liquid scintillation counter.
Acceptor activity of soluble RNA for N-acetyl-ityrosine was measured according to Berg et al.14 The ethanol-salt precipitates of RNA were transferred directly into liquid scintillation vials with polyether scintillator solution, or the precipitates were filtered onto Whatman 3MM filter paper disks (2.3 cm diameter) washed twice with ethanol-salt, and the paper counted in toluene scintillator.
Release of N-acetyl tyrosine from sRNA: N-acetyl-(H)-tyrosyl sRNA was prepared by the procedure of Berg et al.'4 for aminoacyl sRNA, and the acetylamino acid removed from the RNA by incubation in 1 M carbonate-bicarbonate buffer, pH 10, at 370 for 1 hr. RNA was precipitated with alcohol, removed by centrifugation, and the supernatant taken to dryness. The residue was acidified, extracted with acetone, and the extract chromatographed on paper as described above for free acetyltyrosine.
Results and Discussion.-Hydroxamate formation: Carboxyl activation as measured by hydroxamate formation occurs on incubation of several N-acetylamino acids with the amino acid activating system from calf liver ( Table 1 ). The most Pyrophosphate-A TP exchange: N-acetyltyrosine was active in the amino acidpromoted PP32-ATP exchange, and the extent of exchange was comparable in magnitude to the exchange obtained in the presence of free tyrosine (Table 2) Per cent incorporation, average of (a) and (b) 0.9 0.5
Assay tubes contained in jmoles: Tris-chloride buffer, pH 7.4, 50; MgCl2, 4; KCl, 5; ATP, 5; glutathione, 2; N-acetyltyrosine, 600,000 cpm., or C'Lrleucine 188,000 cpm, 0.4; sRNA nucleotide, 1; 100 pg crystalline bovine serum albumin; and 0.05 ml enzyme in a total volume of 0.5 ml. Incubation at 300 for 10 min. In some experiments, 1.5 mg carrier yeast sRNA was added after stopping the reaction with ethanolsalt. This addition had little effect on recovery of radioactivity.
These values lie in the same range as those reported in various laboratories for free amino acids.2527
Transfer to sRNA: The standard amino acid activating system was incubated (in the absence of microsomes) with N-acetyl-(H3)-tyrosine. The aminoacyl sRNA fraction isolated by the procedure described above was radioactive and contained 0.9 per cent of the radioactivity added to the incubation medium. Under the same conditions, incorporation into sRNA from C'4-leucine was 0.5 per cent.
On exposure of the labeled sRNA to pH 10, about 25 per cent of the H3-label was liberated in a form which paper chromatography showed to be identical with free N-acetyltyrosine, Rf 0.7. The acetyl group therefore remains attached to the amino acid during activation and transfer to sRNA. Discussion.-As shown by the present results, certain N-acetylamino acids undergo the reactions which are generally believed to initiate protein synthesis from free amino acids. The results also demonstrate that the NH2-group of the amino acid need not be free for carboxyl-activations and transfer to sRNA. However, the nature of the blocking group seems to be of some importance since N-carbobenzoxyamino acids and certain peptides are apparently unreactive in the amino acid activating system. 25 26 The acetylated N-terminal amino acid residues so far identified in proteins are glycine in horse heart cytochrome c,2 serine in TMV protein7 and in a-MSH,1 and methionine in TYMV protein.6 N-acetyltyrosine, or any of the amino acids listed in Table 1 , has not so far been shown to occupy N-terminal positions, but in several proteins known to terminate with an N-acetyl grouping, e.g., the y-chain of hemoglobin F5,8 egg albumin,4 and histone,5 the terminal amino acid has not yet been identified. Moreover, in a number of proteins free N-terminal amino groups cannot be detected, indicating perhaps that in these cases also the amino-terminal grouping is masked by substitution.
The utilization of N-acetylamino acids in the early steps of protein synthesis raises the possibility that the acetylation reaction leading to acetylproteins occurs with the free amino acid and not at the sRNA stage or with the completed protein.
The purpose of the acetylation reaction is entirely a matter of speculation. In a-MSH the N-acetyl group of the terminal serine residue does not appear to be essential for melanocyte-stimulating activity.28 Whether and to what extent the acetyl group modifies the properties of acetyl-containing proteins is not known. Although the number of recognized N-acetylproteins is so far relatively small, we would like to suggest a more general role for acetylamino acids in protein synthesis. The evidence presented by Dintzis29 suggests that peptide chains are begun and grow from the N-terminal end. It would be an obvious advantage to start this process with an N-acetylamino acid or a similarly protected amino acid leaving only the carboxyl function available for peptide bond formation. Selection of an N-acetylamino acid as the chain-initiating unit will automatically fix the N-terminal position of the polypeptide by allowing the chain to grow in one direction only. In order to be generally applicable, the proposed mechanism would have to include the postulate that, in those proteins in which the N-terminal NHrgroup is free, the acetyl group is removed after the polypeptide chaindhas been completed.
Summary Detailed homology in nucleotide sequences between two DNAs originating from different organisms may be demonstrated by the formation of mixed duplex molecules.1' 2 While no evidence has been obtained indicating genetic homology, or common nucleotide sequences, between the T series of virulent bacteriophage and the host bacterium E. coli,I the transduction of host genetic markers with lysogenic bacteriophage is common, suggesting that some homology between the virus and host DNA might exist.
Upon infection of a suitable strain of E. coli, the chromosome of the temperate bacteriophage X enters into a prophage state in which it appears to be attached to a specific site on the bacterial chromosome. It is then replicated at the same rate as the host genome and, in fact, coincidentally with that particular region to which it is presumed to be attached.3
The available evidence suggests an addition to the host chromosome rather than substitution of the prophage for an homologous segment of the bacterial genome. In rare cases, however, part of the chromosome of the X prophage is lost and is re-
